Although the fitness benefits of learning are well understood, we know little about its costs; yet both are essential to understand the evolution of animal learning. We tested the hypothesis that learning has an operating cost, such that an animal repeatedly forced to use its learning ability would show a reduction in some fitness component(s), relative to an animal of the same genotype that does not have to learn. Five 'High-learning' lines of Drosophila melanogaster, which had been selected for improved learning ability, were exposed to 12 consecutive 48-h cycles of alternating conditioning treatment under mild nutritional stress. Their learning score first increased, reaching a maximum around day 12 (i.e. the sixth conditioning cycle), and then progressively declined. These changes were not due to ageing, as they were not observed in flies from the same lines maintained under standard conditions. From around day 12, the productivity (egg-laying rate) of the flies in the conditioning treatment became progressively reduced, relative to flies from the same lines not exposed to conditioning, but otherwise kept under the same food-limited conditions. This reduction in productivity was not observed when these treatments were applied to five 'Low-learning' lines, which had not been exposed to selection, and which show no detectable response to conditioning under our experimental conditions. Furthermore, exposure to repeated cycles of conditioning revealed an apparent trade-off between the learning score and productivity among the 'High-learning' lines. These results indicate an operating cost of learning, paid only by genotypes that show learning, rather than general effects of stress caused by the conditioning regime. Potential proximate explanations include (1) the impairment of oviposition decisions caused by the accumulation of memory interference and (2) energy costs of collecting, processing and storing information.
Many forms of behaviour, even in short-lived animals, are amenable to learning. The potential ways in which learning could contribute to fitness are diverse (Johnston 1982; Papaj & Prokopy 1989; Dukas 1998) . The most widely accepted general idea is that learning allows an individual to adjust its behaviour in an adaptive way in a changing environment, where fitness consequences of a given behavioural action vary from generation to generation, or even within a lifetime (Johnston 1982; Papaj & Prokopy 1989; Stephens 1991) . Evidence in support of this prediction is growing (Simons et al. 1992; Prokopy et al. 1993; Potting et al. 1997; Geervliet et al. 1998 Although the fitness benefits of learning are relatively well studied and understood, we know little about its fitness costs. Understanding the costs is, however, fundamental for understanding why, how and when learning ability should evolve under natural selection. Several types of costs of learning have been postulated (Johnston 1982; Dukas 1999) . First, individuals dependent on learning may pay the cost of being naïve. This includes the cost of errors in trial and error learning, and the time needed before a particular task is mastered. Examples have been described in foraging bumblebees, which need experience and time before they can handle a new flower properly (Laverty & Plowright 1988) , and in bird fledglings which are often unsuccessful at food gathering (Sullivan 1988) . Second, an individual with genetically high learning ability may endure some costs whether or not it actually exercises this ability. We have recently reported such a cost (reduced larval competitive ability) in populations of
